Treatment with either a flavone or benz- 
The addition of carcinogenic polycyclic hydrocarbons to hamster secondary cultures in vitro results in transformation of the hamster cells, and is accompanied by toxicity that is related to the dose of hydrocarbon added (1) (2) (3) . Tritiated 7,12-dimethylbenz(a)anthracene (Me2BzA) has been used to demonstrate that within 6 hr, the percentage of labeled cells ranges from 65-98, while the amount of label incorporated per nucleus continues to increase with the length of exposure (4) . This nonspecific labeling is evidence that the carcinogen can enter almost all cells of such a mixed population. Utilization of quantitative tissue culture techniques has made possible the demonstration that the proportion of cells capable of forming transformed colonies represents only a small number of those that actually are able to take up the carcinogen. It has been concluded that a large proportion of the cells is either normally sensitive to the cytotoxic effect of the carcinogen or resistant to the cytotoxic effect and incapable of being transformed, while an extremely small proportion can be transformed (5, 6) .
Results of more recent studies indicate that mass cultures may be protected from the cytotoxic effects of polycyclic hydrocarbon carcinogens by inhibition of the induction of aryl hydrocarbon(benzo [alpyrene) hydroxylase. Accompanying such treatment was the prevention of inhibition of cell multiplication that is normally induced by these carcinogenic hydrocarbons in hamster-embryo cell cultures (7) . The question remained whether the reduction or prevention of cytotoxicity produced by known carcinogens would be accompanied by a similar reduction in the percentage of colonies transformed. Failure to find decreased efficiency of transformation would be consistent with the concept that cytotoxicity and transformation are independent phenomena and do represent two different responses of a cell population to the same insult. In the current study, 7,8-benzoflavone and benz(a)-anthracene produced no toxicity, as indicated by the effect on cloning efficiency, while 5,6-benzoflavone was toxic. Only benz(a)anthracene was a weak transforming agent (3); no transformed colonies were found with either naphthoflavone. When potent carcinogens were added, transformation occurred in the presence of all three compounds and was generally enhanced, while the toxicity generally produced by carcinogenic polycyclics was prevented by 7,8-benzoflavone and benz (a)anthracene.
MATERIALS AND METHODS
Chemicals. 5,6-benzoflavone [i3-naphthoflavone (5,6-BzFl) ] was purchased from K & K Laboratories; 7,8-benzoflavone [a-naphthoflavone (7, ],benz(a)anthracene (BzA),benzo(a)pyrene (BzP), and 3-methylcholanthrene (MCA) were purchased from Eastman Kodak Co., and acetone (analytical grade) was purchased from Mallinckrodt Co. Chemicals were dissolved in acetone and added to warm complete medium to make stock solutions.
Transformation Assay. The transformation assay has been described in detail (3, 5 total colony count basis. Clonal morphology, both normal and transformed (indicated by a random crisscross pattern of spindle cells not seen in control colonies), was determined at X40 magnification. RESULTS When several concentrations of 7,8-BzFl, 5,6-BzFl, or BzA were added to hamster embryo cells, the cloning efficiency was unaffected except by 5,6-BzFl at a concentration of 5 ug/ml of medium. With 5,6-BzFl, the reduction in cloning efficiency was greater than that which was found with the carcinogen alone and equal to that which was obtained when 5 jig of BBzFl was used in conjunction with 1 jig of BzP. As previously demonstrated, treatment with BzA at the highest concentration used (10,Mg/ml of medium) produced a 0.5-1.0% transformation (3) . No transformed colonies were observed in any of the control Petri dishes. The results reported in Tables 1-3 for the potent carcinogens, BzP or MCA, and the dose-response relationships are consistent with those that we have published (3, 5) . The series of experiments reported in the tables have been repeated five times during the past year; the results were consistent, so only one set of data is presented. Each value in the results was determined from analyses of a minimum of 12 dishes.
Treatment of cells with 7,8-BzFl before the addition of either BzP or MCA and with either low, high, or multiple doses of the "protective agent" (see methods) was sufficient to raise the cloning efficiency above that obtained with the carcinogen only, to a frequency that approached that of solvent-treated cells ( with 2.5 Mg of MCA per ml of medium, the cloning efficiency was equal to that obtained with untreated controls.
DISCUSSION
In experiments with hamster embryo cells that are plated to form colonies, prior treatment with 7,S-BzFl or BzA prevented the toxicity ordinarily associated with the potent carcinogens BzP or MCA; results with 5,6-BzFl were more variable, since it was capable of inducing some toxicity. Transformation rate increased on both a cell and colony basis. Thus, these results present clear evidence that the toxic and transforming activity of carcinogenic polycyclic hydrocarbons are dissociable and that the two processes, as has been suggested, are different (5, 6, 8) . These results do not negate previous reports of the relationship of cytotoxicity to concentration and potency of the carcinogen. Some transformed colonies may be sensitive to higher concentrations of the same carcinogen; thus ordinarily these colonies may be eliminated, while additional colonies become transformed. The presence of the protective agent during exposure to the carcinogen seems to increase the rate of metabolic conversions or formation of a theoretical carcinogenic polycyclic compound to its reactive carcinogenic form.
In vitro, 7,S-BzFl has been demonstrated to protect hamster embryo cells from the inhibition of cell multiplication caused by BzP or Me2BzA. Experiments with mouse skin demonstrated that 5,6-BzFl also shows biological affinity for the same enzyme system and the capacity for some inducing activity (9) .
Experiments with BzA demonstrated that a high induced plateau activity of aryl hydroxylase is observed 24 hr after the addition of the compound to monolayers of hamster embryo cells (9) . Because we were interested in determining whether or not transformation occurred at the time of maximum protection, we added BzA or either naphthoflavone 24 hr before the addition of the potent carcinogen, BzP or MCA.
A number of studies with animals have demonstrated protection against the neoplastic effects of chemical carcinogens by the addition of other carcinogens. Polycyclic aromatic hydrocarbons that are weakly carcinogenic have been shown to prolong the mean latent period of tumor production and reduce the mean yield of tumors induced in the skin of mice by potent carcinogens, such as MCA or Me2BzA (11, 12) . Exceptions do exist. One weak carcinogen, BzA, when used as an inhibitor of Me2BzA-induced skin carcinogenesis, prolonged the mean latent period of tumor production but did not reduce the mean tumor yield (11) . More recently, it has been reported that induction of changes in microsomal enzyme activities can cause protection against the carcinogenic effect of polycyclic hydrocarbon carcinogens. Two experimental models have been used mainly for this purpose: the formation of mammary tumors in rats given oral doses of Me2BzA, and the determination of skin tumor formation in mouse skin. Induction of increased polycyclic-hydrocarbon hydroxylase activity by several different flavones and other compounds before the administration of Me2BzA inhibits breast tumor formation* (13); SKF525-A, an inhibitor of microsomal enzyme activity, leads to an increased incidence of tumor formation (14) . The formation of skin tumors in mice has been inhibited by pretreatment of the skin with 5,6-BzFl as an inducing agent and BzP as a carcinogen (15); pretreatment with 7,S-BzFl, an inhibitor of the enzyme or a weakly inducing compound has been responsible for the inhibition of tumors when given 5 min before treatment with Me2BzA (9) .
Current evidence indicates that the carcinogenic polycyclic hydrocarbons are probably converted to active derivatives (16) and that microsomal enzyme systems are required to enhance the formation of BzP metabolites that bind to DNA in vitro (17, 18) . The requirement for metabolic activation is further confirmed by the evidence that epoxides or diols of weakly carcinogenic compounds such as benz(a)anthracene are more active than the parental compounds themselves in producing transformation (19) . Our positive results and those obtained with K-region epoxides support the concept that metabolically activated intermediates are required for transformation. Compounds that have been reported to increase the enzyme activity enhance the transformation rate that is obtained with BzP or MCA.
